Inhibition of DNA methylation and reactivation of silenced genes by zebularine.
Gene silencing by abnormal methylation of promoter regions of regulatory genes is commonly associated with cancer. Silenced tumor suppressor genes are obvious targets for reactivation by methylation inhibitors such as 5-azacytidine (5-Aza-CR) and 5-aza-2'-deoxycytidine (5-Aza-CdR). However, both compounds are chemically unstable and toxic and neither can be given orally. We characterized a new demethylating agent, zebularine [1-(beta-D-ribofuranosyl)-1,2-dihydropyrimidin-2-one], which is a chemically stable cytidine analog. We tested the ability of zebularine to reactivate a silenced Neurospora crassa gene using a hygromycin gene reactivation assay. We then analyzed the ability of zebularine to inhibit DNA methylation in C3H 10T1/2 Cl8 (10T1/2) mouse embryo cells as assayed by induction of a myogenic phenotype and in T24 human bladder carcinoma cells, using the methylation-sensitive single nucleotide primer extension (Ms-SNuPE) assay. We also evaluated the effects of zebularine (administered orally or intraperitoneally) on growth of EJ6 human bladder carcinoma cells grown in BALB/c nu/nu mice (five mice per group) and the in vivo reactivation of a methylated p16 gene in these cells. All statistical tests were two-sided. In N. crassa, zebularine inhibited DNA methylation and reactivated a gene previously silenced by methylation. Zebularine induced the myogenic phenotype in 10T1/2 cells, which is a phenomenon unique to DNA methylation inhibitors. Zebularine reactivated a silenced p16 gene and demethylated its promoter region in T24 bladder carcinoma cells in vitro and in tumors grown in mice. Zebularine was only slightly cytotoxic to T24 cells in vitro (1 mM zebularine for 48 hours decreased plating efficiency by 17% [95% confidence interval (CI) = 12.8% to 21.2%]) and to tumor-bearing mice (average maximal weight change in mice treated with 1000 mg/kg zebularine = 11% [95% CI = 4% to 19%]). Compared with those in control mice, tumor volumes were statistically significantly reduced in mice treated with high-dose zebularine administered by intraperitoneal injection (P<.001) or by oral gavage (P<.001). Zebularine is a stable DNA demethylating agent and the first drug in its class able to reactivate an epigenetically silenced gene by oral administration.